Planarians are flatworms capable of regenerating all body parts. Planarian regeneration requires neoblasts, a population of dividing cells that has been studied for over a century. Neoblast progeny generate new cells of blastemas, which are the regenerative outgrowths at wounds. If the neoblasts comprise a uniform population of cells during regeneration (e.g. they are all uncommitted and pluripotent), then specialization of new cell types should occur in multipotent, non-dividing neoblast progeny cells. By contrast, recent data indicate that some neoblasts express lineage-specific transcription factors during regeneration and in uninjured animals. These observations raise the possibility that an important early step in planarian regeneration is the specialization of neoblasts to produce specified rather than naïve blastema cells.
Introduction
Planarians are freshwater flatworms with the ability to regenerate any missing body part (Reddien and Sánchez Alvarado, 2004) . Planarians have a centralized nervous system with brain and nerve cords, a peripheral nervous system, eyes, intestine, epidermis, an excretory system, musculature and many other cell types (Hyman, 1951) . Because a small fragment of the planarian body can regenerate an entire animal (Reddien and Sánchez Alvarado, 2004) mechanisms must exist in the adult for the production of all of these cell types and organ systems. These dramatic regenerative abilities, combined with the successful development of molecular tools and resources for planarian research, have helped planarians emerge as a powerful molecular genetic system for the investigation of regeneration (Newmark and Sánchez Alvarado, 2002; Sánchez Alvarado, 2006; Reddien, 2011; Elliott and Sánchez Alvarado, 2012) .
The neoblast concept
The cellular source for new tissues in adult injured animals is a central problem in understanding regeneration (Tanaka and Reddien, 2011) . Planarian regeneration requires a population of proliferative cells, called neoblasts, which have been studied for over a century (Keller, 1894; Baguñà, 2012) . Not only do planarians regenerate, but adult animals also constantly replace aged differentiated cells. This process of tissue turnover, which is essential for viability, also requires neoblasts (Pellettieri and Sánchez Alvarado, 2007) . The long-term maintenance of neoblasts as a cell population in adult planarians and the ability of neoblasts to produce differentiated cells suggest that the neoblast population contains stem cells (Fig. 1) . Neoblasts are an attractive cell population for study of the cellular basis of regeneration and tissue turnover, and for investigation of stem cell biology, and consequently have recently become the subject of extensive molecular investigation Aboobaker, 2011; Rink, 2012) . In this article, I focus on two possible models for how neoblasts produce replacement parts: naïve and specialized neoblast models (see Fig. 2 ). These models are not entirely mutually exclusive. However, understanding which of these models most closely reflects how cell fate specification occurs in planarian regeneration has important implications for understanding regeneration and the regeneration blastema. First, however, it is important to consider exactly what a neoblast is.
The term 'neoblasts' refers to a population of cells, and because cell-to-cell differences exist in any population, the criteria that designate a particular cell as a neoblast are necessarily imprecise. Assigning a label (neoblast) to this population is useful for reference to cells with many common features, but is also potentially problematic because of implied cell population uniformity. Cell division is commonly used as a defining neoblast characteristic: all adult dividing cells are neoblasts. Cells in S phase or mitosis (by definition neoblasts) can easily be experimentally labeled and hence visualized with BrdU, by an antibody to a mitosis-specific histone modification, or by RNA probes to genes that are transcribed during S phase (e.g. h2b, pcna, MCM2) (Table  1) (Newmark and Sánchez Alvarado, 2000; Shibata et al., 2010) . Cells in G0/G1 that will divide again (and which could therefore be considered neoblasts) are more difficult to experimentally label. Because dividing cells are sensitive to irradiation, acute irradiation sensitivity can also be used as a (perhaps more inclusive) feature of neoblasts (Bardeen and Baetjer, 1904; Dubois, 1949; Reddien et al., 2005a; Hayashi et al., 2006) .
Additional (non-cell cycle-related) features have been associated with cells of the neoblast population (Table 1) . Specifically, many acutely irradiation-sensitive cells are small in size (~7-12 μm in diameter), have a large nucleus and scant cytoplasm, exhibit chromatoid bodies (RNA-protein bodies near nuclei), and reside in the planarian parenchyma -a mesenchymal tissue surrounding organ systems, such as nerve cords, intestine and protonephridia (Hyman, 1951; Reddien and Sánchez Alvarado, 2004; Baguñà, 2012) . Neoblasts are scattered broadly throughout the parenchyma, being absent only from the animal head tips and the pharynx -the only two regions that cannot support regeneration in isolation (Reddien and Sánchez Alvarado, 2004) .
Furthermore, many genes are commonly expressed in cells that have these features (morphology, localization, division, irradiation sensitivity), and the expression of such genes has been used to label a cell as a neoblast (Shibata et al., 1999; Reddien et al., 2005b; Salvetti et al., 2005; Guo et al., 2006; Palakodeti et al., 2008; Solana et al., 2009; Fernandéz-Taboada et al., 2010; Rouhana et al., 2010; Shibata et al., 2010; Labbé et al., 2012; Onal et al., 2012; Resch et al., 2012; Shibata et al., 2012; Solana et al., 2012; Wagner et al., 2012) . Many of the genes that are expressed broadly, if not uniformly, in the neoblast population encode proteins similar to those found in germ cells in other organisms, suggesting a germ cell-like character of cells throughout the neoblast population. The presence of abundant mRNA for the gene smedwi-1 (which encodes a PIWI-like protein) is perhaps the most commonly used means to label a cell as a neoblast at present (Reddien et al., 2005b) . All cells in S phase are smedwi-1 + , but not all smedwi-1 + cells are in S phase (Wagner et al., 2011) . However, all smedwi-1 + cells are eliminated within ~24 hours following irradiation, consistent with the possibility that smedwi-1 mRNA labels all dividing cells and cells that will divide, and no further cells (Reddien et al., 2005b; Eisenhoffer et al., 2008) .
Despite these defining characteristics, the field would benefit from a more precise definition of neoblasts (or cells within the neoblast population) based on the function and potential of cells with particular molecular and morphological characteristics. With this caveat in mind, the term neoblast as used in this article will refer to cells that are smedwi-1 + and acutely irradiation sensitive (lost within 24 hours following irradiation); cells labeled with putative S-phase markers will also be referred to as neoblasts.
Naïve versus specialized neoblast models for planarian regeneration Neoblasts respond to wounds with stereotypic cell division and migration responses (Baguñà, 1976; Saló and Baguñà, 1984; Wenemoser and Reddien, 2010; Guedelhoefer and Sánchez Alvarado, 2012) . The local production of non-dividing neoblast progeny cells at wounds results in the formation of a regenerative outgrowth called a blastema. The blastema produces some of the replacement parts needed in regeneration. In the case of head regeneration, proliferation is an early response to injury, and the blastema is largely devoid of dividing cells after the first 2 days of regeneration initiation (Pedersen, 1972; Saló and Baguñà, 1984; Wenemoser and Reddien, 2010) . Over the next 1 to 2 weeks following amputation, a new head is fully regenerated. At what step in regeneration are cells specified to make appropriate replacement cell types? Here, I consider two possible models that address this question (Fig. 2) . (1) In the 'naïve neoblast model', neoblasts produce non-dividing, multipotent blastema cells. Cells in the neoblast population are essentially all the same, responding like drones to wounds by simply migrating and dividing, producing the blastema cells. The action would then happen in blastema cells, with these multipotent and naïve postmitotic cells adopting appropriate identities based on the external signals that they receive; for example, as a consequence of their position in a blastema. (2) In the 'specialized neoblast model', neoblasts involved in regeneration have different fates. These specialized neoblasts produce different lineage-committed and nondividing blastema cells. Which differentiated cells are ultimately generated by the different neoblasts is thus predetermined. The specialization of neoblasts could occur before or after injury. It is also possible that some regenerative lineages follow a naïve neoblast model and others a specialized neoblast model.
The naïve neoblast model
The capacity of fragments of planarians from any region containing neoblasts to regenerate suggests that the attribute of pluripotency (defined here as the capacity to generate somatic lineages spanning RNA probes for particular neoblast-expressed genes Labbé et al., 2012; Onal et al., 2012; Resch et al., 2012; Shibata et al., 2012; Solana et al., 2012; Wagner et al., 2012 *This table is not intended to present a comprehensive list of key gene expression attributes of neoblasts nor all methods historically used to visualize neoblasts. ‡ Additional morphological attributes, such as blebs and projections, have been described for the cNeoblast (Wagner et al., 2011) . For further references, see the literature (Reddien and Sánchez Alvarado, 2004; Baguñà, 2012; Elliott and Sánchez Alvarado, 2012 (Randolph, 1897) . Although the possibility of neoblast heterogeneity has been entertained (Reddien and Sánchez Alvarado, 2004; Baguñà, 2012) , the paucity of evidence for cellto-cell differences in the fate of neoblasts historically led to their consideration largely as a uniform cell population. If the neoblasts are a homogenous population of cells with respect to potential and specification during regeneration and tissue turnover (e.g. if every neoblast is pluripotent and not specified), some version of the naïve neoblast model must be true. The specification process, or adoption of cell fate, would then occur in non-dividing neoblast progeny cells in the blastema. Little evidence, however, presently exists to support the possibility that fate specification occurs in non-dividing blastema cells and not in the neoblasts. Splitting a head blastema in two early in regeneration (within the first 3 days) results in the regeneration of two heads, rather than two half heads, which is consistent with plasticity in the fates of early blastema cells (Morgan, 1902) . However, following the fates of individual cells in these experiments would be necessary for clear interpretation.
HYPOTHESIS
For example, the contribution of neoblasts versus neoblast progeny to new cell production after blastema splitting is unclear. If the naïve neoblast model is correct for most or all lineages, the patterning mechanisms that are active in the blastema are likely to be crucial for specifying fate based, for example, on blastema cell position.
The specialized neoblast model
Despite their similarity in appearance, different subtypes of cells could in principle exist in the neoblast population. There are many precedents for progenitor cell populations in other organisms that contain numerous cell types with different properties or lineage potential (Spangrude et al., 1988; Chao et al., 2008; Biressi and Rando, 2010) . Furthermore, blastema cells in amphibians were long considered to be a multipotent progenitor type, but it is now known that there is lineage restriction in the cells of the blastema in Xenopus and axolotl, as well as in zebrafish (Gargioli and Slack, 2004; Kragl et al., 2009; Knopf et al., 2011; Tanaka and Reddien, 2011; Tu and Johnson, 2011) . The irradiation-sensitive adult planarian cell population also includes germ cells (even in asexual animals), so this cell population is already known to contain at least two cell types (Sato et al., 2006; Handberg-Thorsager and Saló, 2007; Wang et al., 2007) . In principle, multiple other neoblast cell types could exist in regeneration and/or tissue turnover. A long-standing question, therefore, has been whether a pluripotent cell type exists in the neoblast population, or whether regeneration is accomplished instead by the collective action of multiple, lineage-restricted cell types (Fig. 3A) . Two approaches involving clonal analyses of single cells from the neoblast population have demonstrated that some neoblasts are indeed pluripotent (Fig. 3B) (Wagner et al., 2011) . First, irradiation was used to eliminate most -but not allneoblasts. Sparse, surviving neoblasts produced clones, or colonies, of descendant cells. These colonies produced neurons and intestine cells, as well as multiple other known neoblast descendent cell types. Second, transplantation of individual neoblasts revealed that some could produce neoblast colonies and restore tissue turnover In the naïve neoblast model for regeneration, neoblasts at wound sites (dashed line) produce undifferentiated blastema cells (e.g. for head regeneration) that are non-dividing and multipotent. These blastema cells differentiate according to signals received, for example, based upon their position in the blastema. In the specialized neoblast model for regeneration, the fate of individual neoblasts at wound sites is specified. Undifferentiated blastema cells that are neoblast progeny and non-dividing are therefore specified to adopt particular differentiated cell identities. Recent data demonstrate that individual neoblasts (termed clonogenic neoblasts, or cNeoblasts) can be pluripotent, generating tissues spanning germ layers and restoring regenerative ability to lethally irradiated animals that lack other sources of cell division (Wagner et al., 2011) . (B) A single cell (blue) from the neoblast population can produce colonies of neoblasts that differentiate to produce neurons, intestine and other cell types (Wagner et al., 2011) . Colonies can be produced by isolated neoblasts that survive irradiation or by transplantation. (C) The percentage of neoblasts with cNeoblast attributes is unknown. Therefore, cNeoblasts could in principle produce other neoblasts that are more restricted in potential (as depicted) or cNeoblasts might directly differentiate (as depicted in A, right panel).
and regenerative capacity to lethally irradiated animals. These data indicate that at least some neoblasts are pluripotent (neoblasts with these attributes are referred to as clonogenic neoblasts, or cNeoblasts) (Wagner et al., 2011) . Furthermore, the cNeoblast attributes fulfill the criteria for a stem cell: the capacity for renewal and differentiation. The neoblast transplantation experiments described above cannot, however, establish whether some neoblasts are nonpluripotent, because the failure of some transplanted cells to generate colonies might have been for technical reasons. Therefore, whether all neoblasts are pluripotent and display cNeoblast attributes or whether cNeoblasts make other neoblasts that are more restricted in their lineage potential remains an important and unresolved problem (Fig. 3A,C) . cNeoblast-derived colonies form predominantly on the ventral side of animals (Wagner et al., 2011) ; indeed, sublethal irradiation results in the preferential presence of neoblasts ventrally (Salvetti et al., 2009 ). However, whether these results are explained by cNeoblasts being a ventral subpopulation of the neoblasts, or are due to technical reasons regarding the irradiation sensitivity of neoblasts in different locations/cell cycle stages, is unknown. Regardless, the capacity of small fragments of planarians, from many locations, to regenerate suggests that cNeoblasts are widespread and not exceptionally rare.
Dividing planarian cells, with greater than 2N DNA content, can be isolated by DNA labeling and flow cytometry. Cells isolated in this way are called X1 cells (Hayashi et al., 2006) . Gene expression analyses, using qPCR, of individual X1 cells have revealed some gene expression heterogeneity (Hayashi et al., 2010; Shibata et al., 2012) . Some of the gene expression heterogeneity observed in neoblasts, such as for cell cycle genes that will be expressed at particular cell cycle stages, is expected, but additional gene expression heterogeneity was observed for genes encoding RNAbinding proteins (e.g. for the vasa-like gene vlgA) and for a myosin heavy chain gene. p53 is also expressed in a minority of dividing planarian cells in vivo (Pearson and Sánchez Alvarado, 2010) . These findings support the possibility that the neoblast population is heterogeneous.
Recent studies of eye regeneration identified the expression of eye-specific transcription factors in neoblasts in vivo (Lapan and Reddien, 2011) (Fig. 4A) . The planarian eye comprises two main cell types: photoreceptor neurons and pigmented optic cup cells. Trails of eye progenitors extend from regenerating eyes in head blastemas to the base of the blastema near the approximate amputation plane (Lapan and Reddien, 2011) . Eye trail cells express differentiation markers as they near the eye: tyrosinase, which encodes an enzyme involved in melanin production, is expressed strongly in some trail cells near the eye and weakly in trail cells further away. Separate trails of progenitors exist for the optic cup and the photoreceptor neurons. dlx (distalless family) and sp6-9 encode transcription factors and are expressed together with other eye transcription factor-encoding genes six1/2 (sine oculis family), eya (eyes absent) and ovo in all cells of the regenerative optic cup trail (Lapan and Reddien, 2011; Lapan and Reddien, 2012) . The transcription factor otxA is expressed with six1/2, eya and ovo in photoreceptor trail cells (Lapan and Reddien, 2011) . Eye trail cells (expressing eye transcription factors) furthest from the regenerating eye that express smedwi-1 and S-phase-associated h2b can be labeled with BrdU and are irradiation sensitive (Lapan and Reddien, 2011) . By these criteria, these distal eye progenitor cells are neoblasts. Aside from the expression of a set of eye transcription factors, these cells look like any other neoblast. Whether these smedwi-1 + eye progenitors will undergo renewing divisions or will immediately differentiate once specified is unknown. These data support a model in which a subset of neoblasts is specialized during regeneration to make eye cells (Fig. 4A) . Eye regeneration is not the only context in which specialized neoblasts have been observed in vivo. Recent studies of regeneration of the planarian kidney-like excretory system, the protonephridia, also demonstrate neoblast specialization (Scimone et al., 2011) . The protonephridia is made up of multiple cell types, including flame cells (filtration cells), tubule cells and tubuleassociated cells. six1/2-2 (a second planarian six1/2 family member, distinct from the six1/2 gene expressed in the eye) and POU2/3 encode transcription factors required for protonephridia regeneration (Scimone et al., 2011) . These transcription factors are expressed together in neoblasts (smedwi-1 + , h2b + , irradiation sensitive) during regeneration. Non-dividing, neoblast-descendant cells expressing these transcription factors initiate expression of differentiation markers for the protonephridia. Therefore, these data suggest that protonephridia cell fates are specified in neoblasts. As is the case for the eye, whether these neoblasts expressing protonephridia-associated transcription factors undergo further division (e.g. self-renewal) or immediately differentiate once specified is unknown.
Specialized neoblasts exist in unamputated animals
In addition to producing new cells during regeneration, planarians constantly produce new cells for replacement of aging differentiated cells for tissue turnover (Pellettieri and Sánchez Alvarado, 2007) . Are specialized neoblasts present only during regeneration or also during tissue turnover? Insight into this (Lapan and Reddien, 2011) . (B) Model for production of specialized neoblasts during regeneration. Whereas specialized neoblasts do exist in uninjured animals (see text), neoblasts that previously did not express lineage-specific transcription factors (e.g. for eye regeneration) can be induced to do so at wound sites after injury. Injuries can induce the expression of the transcription factor gene runt-1 in neoblasts, with runt-1 expression required for the production of eye progenitors at injuries that remove the head (Wenemoser et al., 2012) . Decisions regarding specialization paths in neoblasts are proposed to be regulated by the wound context (i.e. by processes that specify the identity of the missing tissue). It is unknown whether specialized neoblasts undergo any selfrenewing cell divisions or immediately differentiate. HYPOTHESIS Development 140 (5) question recently emerged from a study of the eye transcription factor-encoding ovo gene . ovo is specifically expressed in the planarian eye and eye progenitors, and nowhere else in the animal. In uninjured animals, ovo is expressed outside of the eye in smedwi-1 + , h2b + , irradiation-sensitive cells (neoblasts) and ovo is required for the long-term maintenance of eyes during tissue turnover . These data demonstrate the presence of specialized neoblasts, even in the absence of injury, raising the possibility that specialized neoblasts are a general feature of the neoblast population in uninjured animals. Whether other specialized neoblasts exist in unamputated animals, expressing markers for tissues other than the eye, has yet to be determined.
Production of specialized neoblasts at wound sites Do specialized neoblasts involved in regeneration come from specialized neoblasts that exist prior to injury, or are previously naïve neoblasts induced to express lineage-specific transcription factors at wound sites? The eye-related neoblasts present in uninjured animals only exist near the head . Nonetheless, tail fragments that initially lack any ovo + cells (i.e. lacking eye-specialized neoblasts) display the rapid appearance of ovo + cells near wounds, indicating that the major source of eyespecialized neoblasts in regeneration is neoblasts that did not previously show the expression of eye transcription factors. These observations suggest the existence of multipotent (non-specialized) neoblasts that can adopt specialized fates as an early step in regeneration.
The transcription factor runt-1 is rapidly induced (within 3 hours following amputation) at planarian wounds (Sandmann et al., 2011; Wenemoser et al., 2012) , and expression is within neoblasts (Wenemoser et al., 2012) . However, only a subset of neoblasts in wounded planarians (neoblasts near wounds) express runt-1, demonstrating that injury induces gene expression heterogeneity in the neoblasts. runt-1 is required for normal eye regeneration (Sandmann et al., 2011; Wenemoser et al., 2012) and for the presence of sp6-9 + optic cup progenitor trails (Wenemoser et al., 2012) . runt-1 does not display any expression specificity for particular regenerative contexts, but is generically induced by many or all injuries. Thus, runt-1 activation is not sufficient to trigger eye regeneration. Moreover, additional transcription factors (ap2 and pax6), which are not associated with either eye or protonephridia regeneration, are also activated in subsets of runt-1 + neoblasts at wounds. Therefore, transcription factors specifying eye and protonephridia fate, as well as those encoded by ap2 and pax6, are all expressed in neoblasts during regeneration. This supports the model that the neoblast population is heterogeneous and that multiple lineages follow a specialized neoblast model during regeneration. runt-1 is required for the formation of normal numbers of several types of specialized neoblasts (eye and ap2 + neoblasts). These data raise the possibility that wounds promote neoblast specialization (possibly mediated by runt-1 activation for at least some neoblasts), with the tissue context of the injury determining which specialization paths neoblast cells adopt (Fig. 4B) . Animals deficient for the Wnt pathway inhibitor APC [APC(RNAi)] regenerate tails in place of heads following head amputation; however, some brain tissue regenerates in these anterior blastemas (Evans et al., 2011; Iglesias et al., 2011) . Experiments using cell cycle-inhibitory drugs explored the formation of these neurons in APC(RNAi) anterior blastemas (Evans et al., 2011) . Hydroxyurea treatment, to disrupt S-phase progression, 15 hours prior to amputation did not block all anterior neural differentiation following head amputation (Evans et al., 2011) . By contrast, mitosis-blocking colchicine treatment 2 hours prior to amputation did block differentiation. These experiments suggest that some neoblasts that have progressed through S phase but not yet divided are capable of responding to wound signals to differentiate appropriately without undergoing further division. Further exploration of this possibility is an important future direction.
Conclusions
The expression of several transcription factors in subsets of neoblasts during regeneration and tissue turnover supports the specialized neoblast hypothesis. This entails that the fates of nondividing blastema cells (for at least some lineages) are set in their neoblast parents. This hypothesis focuses attention on the responses of neoblasts to wounds for understanding the origins of replacement cells in regeneration. This hypothesis also provides a view of planarian regeneration in which there might not exist a naïve, multipotent blastema cell population, but instead a blastema that comprises a patchwork of lineage-committed cells. In this view, blastema-patterning mechanisms during regeneration would be involved in the spatial organization of specified cells rather than in the fate specification of blastema cells. There is an ongoing need for new differentiated cells in normal adult planarian life, and low levels of specialized neoblasts appear to exist in unamputated animals . Following amputation, many newly differentiated cells appear rapidly and, accordingly, the numbers of specialized neoblasts increase robustly at wounds. Therefore, wounding might induce the specialization of neoblasts for regeneration.
There are many important and unresolved questions related to the specialized neoblast model described above. First, exactly how can we best experimentally define a cell as a neoblast? Second, are specialized neoblasts and/or their postmitotic progeny blastema cells irreversibly determined? No experiment has yet clearly tested whether specialized neoblasts or neoblast-descendant blastema cells can change their fates (e.g. in response to blastema injury). Third, because few regenerative lineages have been investigated, whether specialization of neoblasts occurs for the regeneration of most or all target tissues is unknown. It is possible that a combination of specialized neoblasts and naïve neoblasts produces blastema cells that together replace missing cells. Fourth, what proportions of neoblasts in unamputated animals are specialized versus non-specialized? Fifth, what degree of lineage hierarchy exists in the neoblast population? Are there multiple cell division steps from the cNeoblast to differentiation (similar to the hierarchical lineage of hematopoiesis), or can cNeoblasts directly become specialized? Finally, do specialized neoblasts divide and renew during the production of target tissues in regeneration and tissue turnover, or, by contrast, are specialized neoblasts simply a very transient state between a dividing pluripotent cell and a differentiated cell?
The presence of specialized neoblasts opens many important new avenues for investigation of planarian regeneration. For example, how do wound contexts regulate the formation of specialized neoblast types that are tailored to the identity of missing tissues? What molecular mechanisms underlie neoblast specialization and are similar progenitor specialization mechanisms active in the regeneration and repair of tissues in other organisms? Recent expansion of cellular and molecular tools for planarian research has enabled the initial forays described here. The development of additional cell-marking tools for lineage analysis will be an important future direction for characterizing described and additional lineages. Finally, it will be interesting to compare the molecular nature and regenerative paths of specialized neoblasts with those of progenitor cells involved in regeneration in other organisms. For example, the blastemas of amphibians and fish were long thought to involve a multipotent cell population, but now appear to be more mosaic. Xenopus spinal cord, notochord and muscle and axolotl Schwann cell, muscle, dermis and cartilage lineages all appear to be regenerated from cells within their respective lineages prior to amputation (Gargioli and Slack, 2004; Kragl et al., 2009) . Therefore, Xenopus tail and axolotl limb blastemas would be expected to contain many different lineagecommitted cells rather than a uniform population of multipotent cells. Similarly, lineage restriction in osteoblasts and in several neural crest-derived lineages in the regeneration of zebrafish fins also suggests that zebrafish blastemas might comprise a mosaic patchwork of lineage-committed cells (Knopf et al., 2011; Tu and Johnson, 2011) .
Neoblasts have long attracted interest because of the remarkable regenerative potential that this cell population promotes. The initial insights into the cellular steps in the transition from pluripotency to a specialized progenitor cell state set the stage for further molecular dissection of regeneration.
